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SIM Objectives
Science

– Detection and Characterization of Planetary Systems

– Calibrating the Cosmic Distance Scale
• Establish accurate distance sign posts throughout the Galaxy

– Precision Stellar Astrophysics
• Understand energy sources and life cycles of stars

… and more ...

Technology
– Interferometric Nulling Demonstration

• Null depth 10-4 required as demo for TPF

– Optical Aperture Synthesis Imaging
• Images with 10 milliarcsec resolution using baselines to 10m

– Ushering in the new era of space interferometry
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Hipparcos
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Science Objective – Astrometric Precision

HST Positional Error
Circle (~1500µas)

Microarcsecond precision opens a new window to a multitude of
phenomena observable with SIM.
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Reflex Motion of Sun from
100 pc (axes 100 µas)

Parallactic
Displacement

of Galactic
Center

Apparent Gravitational
Displacement of a
Distant Star due to

Jupiter 1 degree away



Science Objective – Astrometric Planet Detection

Current radial velocity
techniques  (<10m/s) are
limited to massive planets
close to the central star.
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Ground-based astrometric
techniques will extend the
mass range to planets the
size of Uranus at a few
astronomical units.

SIM will be able to
detect planets as small
as a few Earth masses
and as close as one
astronomical unit.



Technology Objective – Nulling Imaging
SIM Nulling Will Reveal Details in the Regions of Interest  -- Close to the Star

HST/WFPC-2
Nulling Radius 2.5 arcsecond (43 AU)
-  Approx. the orbit of Pluto
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HST-STIS
Nulling Radius 0.9 arcsecond (16 AU)
- Approx. the orbit of Uranus

SIM
Nulling Radius 0.05 arcsecond (0.9 AU)
- Imaging field of view 0.3 by 0.3
   arcsecond (5.4 AU)
- Larger fields possible with mosaic
   observations



Requirements Flow

Other System Requirements:
  • Six-month target accessibility
  • 4 π steradian 1-year sky coverage
  • ≤ 4 day target-of-opportunity response time

Mission 
Objectives

Calibration of
Distances & Ages
In the Universe

Study Dynamics
& Evolution of

Stars & Star Clusters
In our Galaxy

Search for Other 
Planetary Systems

Study Dyanmics
& Evolution of

Active Galactic Nuclei

Study Structure of
Circumstellar Discs

Engineering
Implications

330 pm Metro. (1hr.)
10 m Baseline

trade

10 nm OPD Control

50 pm Metro. (1hr.)
10 m Baseline

trade
10 nm OPD Control

Interferometer System

500 pm Metrology
10 nm OPD Control

10 m Baseline

Variable  Baseline

100 pm Metro. (10 sec.)
1nm OPD Control

10m Baseline

Variable  Baseline

Measurement 
Requirements

4 microarcsecond
Wide Angle (FOR ≥15°)

Astrometry
20 Mag. Star

5 Year Mission

Star Light Nulling(10-4)

Imaging

10 milli arcsecond
Imaging

 1 microarcsecond
Narrow Angle (FOR ≥ 1°)

Astrometry
20 Mag. Star

5 Year Mission

Key 
Technologies

Laser Metrology

Nulling Beam
Combiner

    Quiet Structures

• Vibration Isolation

• Controlled Optics
• Steering Mirrors
• Delay Lines

• Precision Structures

• End-to-End I&T of
•  Interferometers

• Integrated Modeling
• Optical/Mech./

Thermal/Control

• Autonomous Space Ops
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SOS

A,b,c

A,b,c

Two Design Options

• Two design options based
on the same architecture

• Both responsive to the
mission objectives

• Many common
technologies

• But also some unique
technological challenges
associated with each with
promise of reduced
development and
operational risks in
different areas

• Tech experiments and
analysis to lead to a down
select by mid-formulation
phase (Nov ‘99)
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Key SIM Technologies &
Development Approach
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• Rapid Prototyping of
H/W & S/W

• Ground Testbeds
– System

– Sub-System

• Flight Experiments

• Tracking Progress
– Metrics

Metrology
Sub-Nanometer

Relative
Knowledge

Thermally-Stable
Optics

Milli-Kelvin Thermal
Stability

Quiet Structures
Micron Stability

Active Optics
Nanometer

Control

Starlight Nulling
Focal Plane

Nulling: (10-4) Interferometer
Modeling

Integrated Optical,
Mechanical, Thermal

& Control

Interferometer I&T

Approach


